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These experiments used forced-choice preferential looking to test infants for preferences between pairs of random-dot patterns
that moved in opposite directions. With monocularly-viewed horizontally moving patterns, 6–12-week-old infants showed a pre-
ference for nasalwards motion. With binocularly-viewed vertical motion, there was no overall preference, but the results did show a
signiﬁcant correlation between upwards bias of OKN and preference for downwards motion. In a longitudinal experiment, the
nasalwards preference ﬁrst appeared at 7–8 weeks, and thereafter persisted until the end of testing (23–25 weeks). In this experiment
the infants were also tested for stereopsis, under conditions that were as nearly as possible identical to the direction preference test.
There was no evidence that the onset of stereopsis had any eﬀect on the directional asymmetry.
The directional asymmetries revealed by these experiments appear to be distinct from the asymmetries of OKN and motion VEPs.
It is possible that they reﬂect asymmetrical directional responses in extrastriate visual cortex (e.g. area V5/MT).
 2003 Elsevier Science Ltd. All rights reserved.1. Introduction
In early infancy, monocular optokinetic nystagmus
(OKN) shows a characteristic directional asymmetry; it
is more readily driven by nasalwards than by tempo-
ralwards motion (e.g. Atkinson, 1979; Atkinson &
Braddick, 1981; Naegle & Held, 1982). Animal studies
suggest that this bias is a result of asymmetrical re-
sponses in the subcortical nuclei responsible for con-
trolling OKN, and that OKN becomes symmetrical
when binocular cortical pathways take over (Distler &
Hoﬀmann, 1992). However, Norcia et al. (1991) found a
nasotemporal asymmetry in infants visual evoked po-
tentials (VEPs) in response to 90 displacements of a
vertical grating. Since the VEP is almost certainly driven
by cortical activity, this raised the possibility that from
birth (at least in humans), OKN is driven by asymmet-
rical cortical, rather than subcortical, directional mech-
anisms.
Recent studies seem to rule out this possibility.
Mason, Braddick, Wattam-Bell, and Atkinson (2001)
showed that the VEP asymmetry consists of a larger
response to temporalwards, rather than nasalwards
motion; and Birch, Fawcett, and Stager (2000) found* Fax: +44-20-7679-7576.
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infants (below 1.5 months of age), whereas OKN is
asymmetrical at this age (Atkinson, 1979). Nevertheless,
Norcia et al.s results do indicate asymmetries in infant
cortical motion mechanisms, and these asymmetries
should be evident in behavioural tasks in which the re-
sponse is not a smooth eye movement in the direction of
stimulus motion.
The present experiments used forced-choice prefer-
ential looking (Teller, 1979) to test for directional
asymmetries: given the choice between two patterns
moving in opposite directions, do infants show a con-
sistent preference for one of these directions? The ﬁrst
two experiments found direction preferences for hori-
zontal, but not vertical motion (but see Wattam-Bell,
2001). A third experiment examined the development of
the horizontal direction preference between 5 and 25
weeks, and compared it with the onset of stereopsis.
Disruption of cortical binocularity in infantile strabis-
mus is associated with persistent OKN (Schor & Levi,
1980) and motion VEP (Fawcett & Birch, 2000; Norcia
et al., 1991, 1995) asymmetries. Along with the animal
studies discussed above, this suggests that in normal
development the disappearance of motion asymmetries
is linked with the emergence of cortical binocularity.
However, a previous longitudinal study in infants found
only a weak correlation between the symmetry of OKN
and binocularity (Wattam-Bell, Braddick, Atkinson, &served.
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diﬀerent stimuli and procedures used to test the two
functions. An aim of the third experiment was to re-
examine the developmental relationship between motion
asymmetry and binocularity, but this time with closely
matched stimuli and conditions in the two domains.2. Experiment 1
This experiment measured infants preferences be-
tween two monocularly-viewed patterns that moved
horizontally in opposite directions. It also measured the




The stimuli were random-dot patterns (RDPs) made
up of 0.25 bright (38.4 cd/m2) squares against a dark
(0.9 cd/m2) background. The RDPs had a density of 3.6
dots/deg2, and were displayed on a 26 inch video mon-
itor (Mitsubishi HC3505, 640 512 pixels, 50 Hz re-
fresh), and viewed from 50 cm.
The direction preference stimulus consisted of two
RDPs, each measuring 12.5 16, which were dis-
played side-by-side on the screen. The inner edges of the
patterns were separated by 12. The OKN stimulus was
a single 25.0 16.0 RDP displayed in the centre of the
screen. For both stimuli, the RDPs were stationary be-
tween trials, and there was a ﬁxation marker––a rect-
angle, which oscillated vertically––in the centre of the
screen. Trials started with a random replacement of the
RDPs, after which the patterns drifted horizontally at
18.8/s until the end of the trial. The two preference
patterns moved in opposite directions, while the OKN
pattern moved in a single direction.
2.1.2. Procedure
Infants viewed the stimuli monocularly from a dis-
tance of 50 cm. The non-viewing eye was covered with
an orthoptic patch. An observer (the author), who could
not see the stimulus, monitored the infants eye move-
ments via a video camera mounted above the display.
The side of the display on which nasalwards motion
appeared varied randomly from trial to trial. Trials
started when the infant was ﬁxating the oscillating
rectangle, and ﬁnished when the observer pressed one of
two buttons to indicate a left/right judgement, or a third
which cancelled the trial. For the preference stimulus,
the observers judgement was based exclusively on the
direction of the infants ﬁrst ﬁxation away from the
centre of the screen. There were two reasons for this:
ﬁrst, it resulted in short trials, (the infants typically re-
sponded within 1–2 s), and the time for which the infantsactually ﬁxated the moving RDP was minimal. Under
these conditions, there was little opportunity for the
generation of eye movements that track the stimulus,
and in practice they were never seen. Second, it was
possible to decide which half ﬁeld (nasal or temporal)
contained the preferred stimulus.
OKN trials were more leisurely. The observer wat-
ched the infants eyes for 5–15 s, and then made a forced
choice about the direction of smooth eye movements.
The direction of stimulus motion varied randomly from
trial to trial.2.1.3. Subjects
Eighteen 9-week-old infants (mean age 8.7 weeks,
range 5.9–11.9) were tested, and all contributed to the
results reported here. They were all born within 14 days
of their due dates, and had no known visual or other
medical problems.2.2. Results and discussion
All infants did a block of direction preference trials
(average 24.4 trials/infant, range 18–32), followed after a
short break by the OKN trials (average 21.2 trials/in-
fant, range 16–28). Only one eye was tested in each in-
fant: results were obtained from 10 left and 8 right eyes.
Fig. 1 shows the direction preference results, plotted
as percent of trials on which infants chose the nasal-
wards-moving pattern (thus 50% implies no preference
between the two directions). Overall, the infants showed
a modest but signiﬁcant preference for nasalwards mo-
tion (i.e. the mean of the data points plotted in Fig. 1 is
signiﬁcantly greater than 50%: t ¼ 2:26, p < 0:05). As
expected, the OKN trials also showed a nasalwards bias
(Fig. 2); OKN in the appropriate direction was seen in
nearly all trials with nasalwards stimulus motion, but
rarely with temporalwards motion (note that because
the observer was making a forced choice, 50% correct
represents chance performance).
In Fig. 3, the preference results are plotted separately
for the nasal and temporal visual ﬁelds; the nasalwards
direction bias is the same for both. In other words, the
preference for nasalwards motion does not depend on
the naso-temporal direction of the eye-movements that
were used as an index of this preference. This implies
that, with these stimuli and experimental conditions: (a)
the direction preference was an not artifact of the
asymmetry of OKN, since it was equally strong when
the response is a eye movement in the opposite direction
to the preferred direction of OKN; (b) there was no
gross asymmetry of ﬁxation eye movements in the two
directions; and (c) there were no diﬀerences between the
nasal and temporal half ﬁelds, despite the evidence that
detection in the two hemiﬁelds develops at diﬀerent rates



































Fig. 1. Direction preference results from Experiment 1 (horizontal
motion, monocular viewing). The symbols show individual subjects
preferences (i.e. percent of trials in which they chose the nasalwards
pattern) as a function of age. The bar on the right shows the mean (1


















Fig. 2. OKN results from Experiment 1 (horizontal motion, mono-
cular viewing). The bars show, separately for each stimulus direction,
the proportion of trials (averaged across infants) in which the observer




















Fig. 3. The mean direction preference data of Fig. 1 replotted to show
separately the results for trials in which the nasalwards motion ap-
peared in the nasal visual ﬁeld, from trials in which the nasalwards
motion was in the temporal ﬁeld.
J. Wattam-Bell / Vision Research 43 (2003) 1961–1968 1963Thus the results show that infants preferences, like
their mOKN, are biased towards nasalwards motion.
In each case, the most likely reason is an asymmetry in
the population of directional mechanisms mediating
the response (e.g. smaller numbers and/or weaker re-sponses of neurons tuned to temporalwards motion).
Although, as argued above, the preference and mOKN
response biases are independent of each other, this does
not rule out possibility of a single population of mo-
tion detectors underlying both responses. If this is the
case, then this population cannot be dedicated exclu-
sively to driving OKN, but must mediate more general
perceptual responses. At ﬁrst sight, comparison of the
rather modest preference of Fig. 1 with the strong
OKN asymmetry of Fig. 3 implies that the motion
mechanisms underlying preferences are markedly less
asymmetrical than those responsible for OKN. How-
ever, a closer consideration of the preference trials
reveals that this is not necessarily true. The stimulus
contains two high contrast patterns each of which in
isolation would readily attract an infants attention,
irrespective of its direction. Moreover, the response
measure (ﬁrst ﬁxation) must produce a bias for events
at the start of a trial. In particular, the initial temporal
transient (as the patterns go from stationary, via a
random replacement of dots, to the ﬁrst frame of co-
herent motion) must play a signiﬁcant role in deter-
mining the response. This transient contains no
directional information. Under these circumstances, it
would not have been altogether surprising if the infants
had shown no preference, even though their motion
detectors are asymmetrical; and the modest 60/40 bias
in favour of nasalwards motion is probably compatible























1964 J. Wattam-Bell / Vision Research 43 (2003) 1961–19683. Experiment 2
This experiment examined infants preferences and
OKN asymmetries for vertical motion. The infants
viewed the stimuli binocularly, and the patterns moved
up or down, rather than left or right. Other than these
diﬀerences, the stimuli and procedure were the same as
in Experiment 1. A new group of 15 infants (mean age
9.3 weeks, range 6.1–11.7) was tested in this experiment.
All contributed to the results.OKN asymmetry index














Fig. 5. Percentage of trials in which infants chose upwards motion
plotted against an index of OKN asymmetry, from Experiment 2
(vertical motion). The asymmetry index was calculated as (pu – pd),
where pu was the proportion of upwards motion trials producing up-
wards OKN, and pd was the proportion of downwards motion trials
producing downwards OKN.3.1. Results and discussion
The average number of trials/infant was 27.3 (range
16–36) for the preference test, and 19.5 (12–29) for
OKN. Fig. 4 shows the groups mean preference and
OKN results in a format similar to Figs. 1 and 2. There
is no evidence of an overall directional preference here,
although the upwards bias of vertical OKN found by
others (Hainline, Lemerise, Abramov, & Turkel, 1984;
Hainline & Abramov, 1985) is evident. However, the
individual data shown in Fig. 5 tell a diﬀerent story. This
ﬁgure plots preference for upwards motion against the
degree of OKN asymmetry, and reveals a signiﬁcant
inverse relationship (r ¼ 0:7, p < 0:01). Infants whose
OKN is more heavily biased towards upwards motion
show a stronger preference for downwards motion.
Thus the results show some evidence for a vertical di-
rection asymmetry which is distinct from the asymmetry
of OKN. It is hard to reconcile this ﬁnding with the
notion that a single population of motion detectors is
responsible for both kinds of asymmetry. The correla-


































Fig. 4. (a) Mean direction preferences (percentage of trials in which infants c
results from Experiment 2, plotted in a similar format to Fig. 2.for a single population, since it could arise from general
developmental factors in the visual system aﬀecting two
separate populations.
The evidence for a vertical motion asymmetry from
this experiment is relatively weak and indirect. Stronger
evidence comes from a similar experiment with drifting
grating stimuli (Wattam-Bell, 2001), in which infants
showed marked preferences for downwards motion, but
only when grating contrast was relatively low (10% or
20%). This suggests that response saturation may ac-KN
up down
hose upwards motion) from Experiment 2 (vertical motion). (b) OKN
J. Wattam-Bell / Vision Research 43 (2003) 1961–1968 1965count for the absence of an overall directional prefer-
ence found with the high contrast RDPs of the present
experiment, though to settle this it would be necessary to
test infants with low contrast RDPs.4. Experiment 3
The aim of this experiment was to study the deve-
lopmental timecourse of the nasalwards motion prefer-
ence (Experiment 1), and compare it with the emergence




The motion stimulus was a dichoptic version of that
used in Experiment 1. Each eye saw its own pair of
RDPs, one on either side of the display, moving hori-
zontally in opposite directions. The RDPs seen by the
two eyes were uncorrelated, and their movement was
arranged so that on one side of the display both eyes saw
nasalwards motion, while on the other side both saw
temporalwards motion. A speciﬁc example is illustrated
in Fig. 6 (in which for clarity the left and right eye views
have been separated vertically): here the left half of the
display contains only nasalwards motion––i.e. right-
wards motion for the left eye, leftwards for the right eye;
while the right half of the display contains only tem-Fig. 6. The dichoptic direction preference stimulus of Experiment 3.
For clarity, the patterns seen by each eye have been separated verti-
cally; in the real stimulus they were superimposed, and consisted of
bright dots against a dark background.poralwards motion (leftwards for the left eye, right-
wards for the right). As in the previous experiments, the
speed of all these motions was 18.8/s.
The stereo stimulus was more straightforward and
conventional. It consisted of a pair of random-dot ste-
reograms displayed on either side of the screen. One of
the stereograms was divided into alternate horizontal
bands of crossed and uncrossed disparity (0.25), pro-
ducing a squarewave in depth. In the other, the crossed
and uncrossed disparities were distributed randomly
amongst the dots to produce an eﬀect of hazy depth (in
principle this arrangement can lead to two distinct depth
planes––but these were not clearly evident in the present
stimuli even with prolonged inspection). Infants were
expected to show a preference for the segregated pattern
(this was born out by the results), but only after stere-
opsis had developed; to stereo-blind subjects, the seg-
regated and random patterns are indistinguishable.
For both stimuli, the left and right eye images were
separated with a red/green anaglyph technique. The
method described by Mulligan (1986) was used to
minimise the cross-talk between the eyes that arises from
the mismatch between the red/green ﬁlters worn by the
infant and the red and green phosphors of the display
monitor. This technique reduces stimulus luminance and
(to a lesser extent) contrast: measured through the red
ﬁlter, the minimum and maximum luminances were 0.32
and 3.7 cd/m2 (84% contrast), while through the green
ﬁlter they were 0.38 and 4.1 cd/m2 (83% contrast). The
stimuli had the same dimensions as the direction pre-
ference stimuli of Experiment 1.
Between trials, the motion stimuli were stationary
and the stereo stimuli had zero disparity, and there was
an oscillating ﬁxation marker at the centre of the screen.
At the start of each trial, the ﬁxation marker disap-
peared, and the RDPs were replaced by new, uncorre-
lated patterns. For the stereo stimulus, this eliminated
the coherent apparent motion that would otherwise ac-
company a switch from zero to non-zero disparity.
4.1.2. Procedure
The experimental procedure was the same as that
used for the preference trials of Experiment 1. As in that
experiment, the response criterion was the direction of
the infants ﬁrst ﬁxation away from the midline.
4.1.3. Subjects
This was a longitudinal study in which 11 infants
participated. Testing started at 5–6 weeks, and was re-
peated at approximately 2-week intervals until 23–25
weeks (6 visits/infant).
4.2. Results
Stereo and motion trials were run in separate blocks,
with a short interval between them. On the ﬁrst visit, ﬁve
age group (weeks)














Fig. 7. Longitudinal direction preference and stereo results from Ex-
periment 3. Each data point shows the mean (1 SE) of the groups
performance at that visit. The motion results are expressed as prefer-
ence for nasalwards motion, the stereo results as preference for the
segregated pattern.
1966 J. Wattam-Bell / Vision Research 43 (2003) 1961–1968infants did stereo ﬁrst, while the other six did motion
ﬁrst. On subsequent visits the test order was the reverse
of the order in the previous visit.
The experiment aimed for a minimum of 20 trials/
condition in each visit, and there were only 5 occasions
on which this was not achieved. The average numbers of
trials/infant-visit were 25.8 (motion) and 23.2 (stereo).
The results of this experiment are shown in Fig. 7,
which plots mean preferences for nasalwards motion,
and for the segregated stereo pattern, at each of the six
visits. The stereo results are straightforward. Before 9–
10 weeks, there is no evidence of discrimination between
the segregated and random stereo patterns. Thereafter,
evidence for stereopsis emerges in the form of a prefer-
ence for the segregated pattern which increases pro-
gressively to above 80% at 17–18 weeks. The midpoint in
this development is at around 13–14 weeks, in agree-
ment with the many previous studies on the develop-
ment of binocularity and stereopsis (Birch, 1993;
Braddick, 1996). There are two notable features of the
direction preference results: ﬁrst, that the youngest (5–6-
week) group shows no preference, and second, that from
the second visit there is a preference for nasalwards
motion that hovers with remarkable consistency around
60% until the end of testing. At the second visit (7–8
weeks), the diﬀerence between stereo and motion per-
formance was signiﬁcant (paired t-test; t ¼ 2:31, p <
0:05), which suggests that the motion asymmetry emer-
ges before the onset of stereopsis. There is no evidence
that the emergence of stereopsis has any eﬀect on the
motion asymmetry, or of a decline in the nasalwards
bias in older infants that might be expected by analogy
with the developmental decline in the mOKN (Atkinson
& Braddick, 1981; Naegle & Held, 1982) and mVEP
(Birch et al., 2000) asymmetries. However, the discrep-
ancy between the present results and mOKN may not beas great as it seems. Although mOKN asymmetry starts
to decline during the ﬁrst 6 months, a recent quantitative
study (Lewis, Maurer, Chung, Holmes-Shannon, & Van
Schaik, 2000) indicates that some degree of asymmetry
persists until at least 2 years.5. General discussion
These experiments provide behavioural evidence for
directional asymmetries in infants responses to both
horizontal and vertical stimulus motion (though stron-
ger evidence for the vertical asymmetry can be found in
Wattam-Bell, 2001). These asymmetries can be distin-
guished operationally from the asymmetries of OKN,
since the directions of the eye movements used as a
measure of infants preferences depended on the location
of the preferred stimulus, but not on the direction in
which it moved. In addition, the results suggest a func-
tional dissociation between the asymmetries revealed
by preferential looking and OKN. With monocularly-
viewed horizontal motion they are in the same direction
(a nasalwards bias), but the preference asymmetry is
absent in very young (5–6-week-old) infants, an age at
which monocular OKN is markedly asymmetrical (At-
kinson, 1979). With vertical motion the dissociation is
even clearer; for the random-dot patterns used in this
study, preference was inversely correlated with OKN
bias, while with low-contrast gratings, Wattam-Bell
(2001) found a strong preference for downwards mo-
tion, which is opposite to the upwards bias of OKN.
The most plausible explanation for these ﬁndings is
that they reﬂect independent asymmetries in separate
motion detection systems; a subcortical system (NOT-
DTN) which is responsible for driving OKN (Distler &
Hoﬀmann, 1992), and a cortical system which mediates
direction preferences. At birth, only the subcortical
system is functional, so that OKN is asymmetrical, while
preferences remain unbiased until the cortical system
develops at around 7 weeks. During the course of de-
velopment, a cortical pathway starts to take control of
OKN. There are a number of possibilities here: (a) it
coincides with the emergence of preference biases, and
involves the same mechanisms. Horizontal OKN will
remain asymmetrical until these cortical mechanisms
lose their nasalwards bias, but vertical OKN should
start to become symmetrical immediately. (b) The same
cortical mechanisms are involved, but there is a delay
before they start to exert an inﬂuence on OKN. (c) OKN
is controlled by an entirely separate cortical pathway of
unknown symmetry. A comparison of the changes in
OKN and preference asymmetries during development
could shed some light here.
One question raised by a reviewer of this paper con-
cerns the extent to which the asymmetries revealed by
infants direction preferences represent an immaturity
J. Wattam-Bell / Vision Research 43 (2003) 1961–1968 1967that disappears with normal development. There are
indirect reasons for supposing it does, such as the
analogy with OKN and VEP asymmetries, which do
decline with age, and the fact that in adults, monocular
directional anisotropies revealed by coherence thresh-
olds show a centripetal bias, but no overall nasotem-
poral or up/down asymmetry (Raymond, 1994).
Nevertheless, the present results do not directly answer
this question, and further experiments will be needed to
resolve it.
The VEPs elicited in response to oscillating gratings
provide another line of evidence about cortical motion
asymmetries (Norcia et al., 1991). Interestingly, the
monocular horizontal VEP asymmetry, like the corre-
sponding preference asymmetry (Experiment 3), is not
found in very young infants (Birch et al., 2000). This
agreement is further evidence in favour of the proposal
that cortical directionality ﬁrst emerges at about 7–8
weeks (Wattam-Bell, 1996a, 1996b), and suggests that
the preference and VEP asymmetries reﬂect the proper-
ties of the same set of cortical directional mechanisms.
However, there is a catch; Mason et al. (2001) have re-
cently shown that the VEP asymmetry consists of a
larger response to temporalwards motion––opposite to
the preference and OKN asymmetries.
From anatomical considerations, it is probable that
VEPs are dominated by activity in early visual cortical
areas (e.g. V1 and V2). The direction preferences, on the
other hand, could well be mediated by extrastriate areas,
in particular V5/MT (Maunsell & van Essen, 1983a;
Newsome & Pare, 1988). Wattam-Bell (2001) has sug-
gested that diﬀerences in the contrast gains of motion
mechanisms selective for opposite directions might be
responsible for vertical motion asymmetries in infants,
and the same may well be true for horizontal motion. In
monkeys, neurons in V5/MT have particularly high
contrast gains, probably as a consequence of extensive
spatial integration within their receptive ﬁelds (Sclar,
Maunsell, & Lennie, 1980). Thus, diﬀerences in contrast
gains could reﬂect diﬀerences in the extent (or perhaps
selectivity) of spatial integration within V5/MT. This
hypothesis, although rather speculative, suggests a fairly
speciﬁc mechanism for preference asymmetries which
will be investigated further by looking for directional
asymmetries in tasks such as motion coherence thresh-
olds, that reﬂect the integrative properties of V5/MT
(Newsome & Pare, 1988; Rees, Friston, & Koch, 2000).
However, postulating separate cortical loci for the
preference and VEP asymmetries does not entirely ex-
plain their directional diﬀerences. In the mature visual
system, a major input to V5/MT comes from directional
mechanisms in V1 (Movshon & Newsome, 1996), and it
seems unlikely that in infants these signals somehow
change their directional allegiance en route. The solu-
tion to this paradox may lie in the complexities of the
interactions (feedforward and feedback) between diﬀer-ent areas, or it could reﬂect relatively independent de-
velopment in these areas, which might happen if the
non-striate input to V5/MT (Moore, Rodman, & Gross,
2001) is dominant in young infants.
Experiment 3 found even less evidence than the pre-
vious study (Wattam-Bell et al., 1987) that the onset of
binocularity leads to the disappearance of motion
asymmetries. This could be because it only applies to
the subcortical motion mechanisms subserving OKN.
However, the apparent absence of any relationship is
rather surprising in the light of the evidence for close
links between cortical motion processing and stereopsis
in development (Wattam-Bell, 1995), and in the mature
visual system (Glennerster, 1998; Maunsell & van Essen,
1983a, 1983b). Perhaps measuring the onset of stere-
opsis is too blunt an instrument to reveal the relation-
ship. It may be better to compare asymmetries in the
two domains. In the development of stereopsis, there is a
transient asymmetry between crossed and uncrossed
disparities (Birch, Gwiazda, & Held, 1982). This seems
to be fairly short-lived, but it has only been measured
for small disparities, close to stereoacuity, which itself
develops rapidly (Birch, 1993). Development of sensi-
tivity to large disparities is quite prolonged (Wattam-
Bell, 1995), and it is likely that any disparity asymmetry
here will persist for longer. Future experiments will ex-
plore this possibility.Acknowledgement
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